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Frank P. Baltakis

ABSTRACT: This report summarizes the performance capability data of
the U. S. Naval Ordnance Laboratory's Hypersonic Tunnel. The report
includes a brief description of the facility, overall performance
capability data, nozzle calibration data, and some nozzle boundary-
layer thickness and temperature variation data. The nozzle aero-
dynamic design method is indicated and its adequacy in the range of
the supply and test flow conditions of the Hypersonic Tunnel is
briefly discussed.
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PERFORMANCE CAPABILITY OF THE NOL HYPERSONIC TUNNEL

This report summarizes the performance capability data of the U. S.
Naval Ordnance Laboratory's Hypersonic Tunnel. Preparation of this
report was prompted by numerous requests for performance data which
are needed in test program planning and also in development of new
wind tunnel facilities.

The tunnel performance data have been obtained through a number of
partial calibrations, some of which had been performed earlier by
different staff members of the Applied Aerodynamics and Wind Tunnel
Design and Operations Divisions. The author wishes to express
particular appreciation to Ray Cornett for permission to reproduce
a number of the overall performance figures from reference (1) and
to Lawrence A. Mason for his assistance in preparation of the figures.

E. F. SCHREITER
Captain, USN
Commander

L. H. SCHINDEL
By direction
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INTRODUCTION

The present complement of nozzles for the Hypersonic Tunnel has
been acquired gradually over a period of several years. Calibrations
of these nozzles were performed individually as new nozzles became
available. Calibration data have been documented in individual
internal memos which to date have not been summarized or published.

The need for a single publication, containing the Hypersonic
Tunnel performance data, has been well recognized. Such publication
was not undertaken earlier in order that the information could be
made more complete and up to date.

At present, refinements in nozzle calibrations, as well as
further development of tunnel components, are continuing and additional
data are being acquired. However, tho growing need for the Hypersonic
Tunnel performance information, as indicated by the increasing number
of requests, makes further postponement unwarranted.

Information relating to flow uniformity in the test rhombus was
considered to be of particular importance. Such data have been
obtained for a wide range of nozzle supply conditions and constitute
the bulk of this report. Flow angularity and some boundary-layer
thickness and temperature variation data have also been obtained and
the available data are included.

The physical components of the Hypersonic Tunnel and the associ-
ated instrumentation have been described previously and may be found
in references (1) to (3). The overall performance capability has also
been described in reference (1). This information, however, is con-
sidered essential for interpretation of the calibration data and is
included in this report.

SYMBOLS

M Mach number

P supply pressure
0

T supply temperature
0

a flow deviation angle in vertical centerplane

flow deviation angle in horizontal centerplane
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GENERAL DESCRIPTION OF THE TUNNEL

The Hypersonic Tunnel is an intermittent blowdown type facility
in which heat.-I air is used as the working medium. The air is first
compressed and stored in high pressure bottles and it is heated on
its way to the nozzle.

The heating system consists of a pebble bed heater and an
electric resistance heater. The latter is used in addition to the
pebble bed heater when the required air temperature exceeds 1150F.

The tunnel has an open jet test section and a constant geometry
diffuser. Recompression of air to the atmospheric pressure during the
starting process, or during operation at low supply pressures, is
accomplished by means of vacuum pumps.

NOZZLES

The nozzles are contoured and are of fixed geometry. Consequently,
a separate nozzle is required for each Mach number. Table 1 lists
the available nozzles and gives some of the geometry and design data.
The aerodynamic design method of these nozzles is described in
reference (4). Nozzle construction details are given in reference (1).

PERFORMANCE CAPABILITY

Overall Performance Capability

The overall performance capability of the Hypersonic Tunnel is
summarized ia Table 2. This table shows the nominal test Mach numbers,
the maximum available supply pressures and temperatures, the maximum
test Reynolds numbers, and the permissible flow durations at maximum
pressures.

The range of Reynolds numbers, attainable at each Mach number, is
shown in figure 3. The upper limit in Reynolds number here is imposed
by the maximum supply pressure of the nozzle and by the minimum supply
temperature at which the flow is free of liquefaction effects.* The
lower Reynolds number limit is indicated by the 10 atmosphere supply
pressure line.**

*The liquefaction temperatures were determined from reference (5) and,
where applicable, include supersaturated conditions.

**This line is somewhat arbitrary as the tunnel can be operated at

considerably lower pressures, particularly at lower Mach numbers.

2
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The available run times at various supply pressures are shown in
figure 3.

Flow Calibration Method

The quality of the flow was determined through Pitot pressure,
angularity, and total temperature surveys. Pitot surveys were made
by axially traversing a seven-probe rake in the horizontal and in the
vertical centerplanes of the test jet.* Flow angularity measurements
were made with a truncated 20-degree half-angle cone. This cone was
provided with two sets of orifices for measuring differential pres-
sures in two mutually perpendicular planes. During nozzle calibration,
the cone was traversed axially along the centerline of the test jet.
The temperature data were obtained with a fast-response, well-shielded
thermocouple. The Mach number values were computed from the measured
Pitot-to-supply pressure ratios, the flow angularities, from pressure
differentials measured across two diametrically opposite orifices on
the cone.

Calibration Data

The Mach number and flow angularity data are shown in figures 4
to 14. The tunnel air supply pressures and temperatures are indicated
as P and T respectively. The positions of individual Pitot probes

0 0
are indicated in terms of distances from the nozzle centerline.

The nozzle calibration data are not quite complete and in some
cases are not final. The Mach 9 and Mach 10 nozzle data, for example,
contain some scatter. These data were taken at supply temperatures
slightly below the minimum required for liquefaction-free flow,**
because full capacity of the heater was not available during these
calibrations. The upwash angle in the flow angularity data may be in
some error due to deflection of the probe. This possibility is
currently being investigated and measurements with a modified probe
support mechanism are being conducted.

*In some cases 45-degree planes were also used.

**The theoretical air liquefaction temperature is indicated in figure
2. In practice a slightly higher supply temperature is required
because of temperature fluctuations with time. The magnitude of these
fluctuations is indicated elsewhere in this report.

3
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Mach number variation with the supply pressure is shown in
figure 15. This figure was prepared by crossplotting average test
section Mach numbers (from figs. 4 to 14) versus the supply pressure.

Boundary-layer thickness data are shown in figure 16. Only a
limited number of measurements have been made to date. The data
shown were obtained with a Pitot tube at the nozzle exit plane.

Variation in the stagnation temperature across the test jet is
illustrated in figure 17. The data shown were obtained by traversing
a total temperature probe across the test jet of the Mach 7 and Mach
9 nozzles.

Variation in the stagnation temperature with time is shown in
figure 18. These measurements were obtained with a fast response
thermocouple, located in the test section near the centerline.

CONCLUSIONS

The Hypersonic Tunnel is an intermittent blowdown type facility
capable of producing test Mach numbers of 5, 6, 7, 8, 9 and 10 at
supply pressures ranging from 5 to 150 atm (1 to 100 atm at Mach 5).

The tunnel is equipped with contoured nozzles of approximately
2-foot exit diameter. The aerodynamic design method for these nozzles
was derived at NOL. Calibration results indicate that the nozzles
have good performance over a wide range of supply conditions.

Nozzle calibrations included detailed flow Mach number surveys
in the test rhombus, flow angularity surveys along the test jet
centerline, and some bounday layer and air temperature measurements at
the nozzle exit. The data show the following:

1. The maximum flow Mach number deviations, from the
average value for a given supply pressure, are of the order of !J per-
cent. At supply pressures near the design these deviations are of
the order of t? percent.

2. The maximum flow angularity is of the order of 1 degree.

3. The radial temperature gradient within the test jet core
is very small, of the order of J percent of the total temperature per
inch. The total temperature fluctuations with time are of the order
of 12 percent.

4
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4. The boundary-layer thickness at the nozzle exit in
about 2 inches at Mach 5 and about 4.5 inches at Mach 9. The effect
of the supply pressure on the boundary-layer thickness is small.
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